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INTRODUCTION
In 1976 scientists at Merck & Co. Inc. discovered a complex of eight closely related natural products, subsequently named avermectins, in a culture of StreDtomvces avermitilis MA-4680 (NRRL8165) originating from an isolate by the Kitasato Institute from a soil samplecollected at Kawana, Ito City, Shizuoka Prefecture, Japan. Their structures are shown in Fig. 1 (ref.1) . They are among the most potent anthelmintic, insecticidal and acaricidal compounds known. The avermectins are closely related to another group of pesticidal natural products, the milbemycins, the first examples described by Japanese workers, but later found to be more abundant in nature than the avermectins (ref. 2-6) . Both the avermectins and milbemycins are sixteen-membered lactones, with a spiroketal system containing two six-membered rings. The principal difference is that the avermectins have an a-Loleandrosyl-a-L-oleandrosyl disaccharide attached at the 13-position whereas the milbemycins have no 13-substitutent. Milbemycin structures are shown in Fig 
;
ANTIBIOTICS S 541
Fig. 2. Milbemycin Structures
Two avermectins have been commercialized to date. Selective reduction of the 22,23-olefin of avermectin B 1 yields the 22,23-dihydro derivative assigned the non-proprietary name ivermectin Fig. 3 . Although this structure, for the sake of simplicity, depicts the 25-secbutyl derivative it should be noted that both commercial products contain up to 20% of the 25-isopropyl analog.
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Fig. 3. Synthesis of Ivermectin
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A summary of the biological properties of ivermectin is shown in TABLE 1. 174 (1985) Both forms of lymphatic filariasis are found in India. The Bancroftian'form is the commonest and accounts for more than 90% of the disease whereas Brugian filariasis accounts for the rest. In a study camed out in India (ref. 6) in 40 patients with W u c h e m filariasis treated with single oral doses, all of the dose levels chosen (25, 50, 100, 200 pg/Kg) were efficacaous in clearing microflarial from the blood of all patients treated. After 3 months some microfilaria recurred in the blood of most patients ( Table 5) . Further studies are planned and underway using different doses and regimens. Nevertheless ivermectin appears to hold promise as a new treatment for lymphatic filariasis. Avermectin B1 is the most effective of the avermectin family of natural products against agriculturally important insects and mites. It has been commercialized for agricultural use under the non-proprietary name abamectin. A summary its biological activity is shown in TABLE 6. . . Avermectin B1, in thin films, is rapidly degraded on exposure to air and to ultraviolet light. In fact its utility against certain crops is limited by this rapid degradation. Fig. 4 shows the degradation of avermectin B 1 as a thin film on a glass pem dish cover held in the dark or exposed to a Kratos model LH 153 Solar Simulator. In the dark the degradative, processes are probably oxidative. It has been shown for example, in our laboratories, that the 8a position is readily converted into a hydroperoxide. This reactivity is not unreasonable since the 8a position it both allylic and adjacent to an oxygen. When avermectin B1 is dissolved in methanol or cyclohexane in a quartz tube and exposed to 300 nM ultraviolet light an equilibrium to the 8,9-2 and 10,ll-2 isomers is achieved in 30 -60 minutes Fig. 5 and complete loss of 254 nM absorption occurs in less than 24 hours. Mass spectral analysis of the products indicated up to four additional oxygen atoms.Since the early events in photodecomposition are related to ultraviolet absorption at the diene portion of the molecule it was decided to undertake chemistry at that site to Hydrogenation of avermectin B1 with hydrogen and a palladium catalyst gave 10,11,22,23-dihydro avermectin B1 as shown in Fig. 6 . Direct hydrogenation was studied with many catalysts and in no case could reduction of the diene be accomplished without prior or concomitant reduction at the 22,23-olefin.
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,22,23 - Reaction of avermectin B1 with N-bromoacetamide afforded a 10,ll-bromohydrin which was reduced with tributyltin hydride to a 10-hydroxy derivative. This alcohol was protected at the 5-position and converted into the 10-chloro and 10-fluoro analogs. Reduction of the 10-chloro derivative with tributyltin hydride and deprotection gave the desired 10,ll-dihydro avermectin B 1.
Epoxidation of avermectin B1 with MCPBA gave predominantly the 8,9-oxide as shown in Fig. 8 , together with a small amount fo the 3,4-oxide. Presumably both reactions are assisted by the 7-a-hydroxy group. Fig. 8 . Epoxidation of Avermectin Bla.
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Reaction of 5-0-TBDMS ivermectin with a zinc/copper couple and methylene iodide in ether gave a mixture of three compounds shown in Fig. 9 . Two monocyclopropanes were isolated in which reaction occurred at the aface. Interestingly when the reaction was carried out with the unblocked 5-dcoho1, the same products were formed. Presumably the stereochemistry is entirely controlled by the 7-hydroxy group as was expoxidation. The miticidal activity of these derivatives is shown in TABLE 7.
Several of the reduced diene derivatives were found to be highly active. Interestingly avermectin B 1 -8,g-oxide was highly active whereas the analogous cyclopropane was virtually inactive. Photodecomposition studies in a photoreactor (Table 8 ) and as thin films on petri dishes Fig. 10 showed both the 8,g-oxide and the 8,9-cyclopropane to be considerably more stable than the parent. The most active derivatives were also for foliar residual activity against two-spotted spider mites. Three derivatives, avermectin B 1-8,9-oxide, 10-1 1-dihydroavermectin B 1 and 10-fluoro-10,ll-dihydroavermectin B 1 showed much improved residual activity when compared to avermectin B 1, (Table 9 ).
Avermectin B 1-8,9-oxide has been selected for further study partially because it appeared to be the most effective compound but also because of its ease of synthesis.
Inspection of biodata shown in TABLE 6 indicates that whereas avermectin B is extremely effective against a variety of mites, it is much less effective against insects, especially the cabbage looper, the corn earwonn and the southern armyworm. The level of activity against these species is insufficient to justify commercial development for these uses. Thus, an extensive program of synthetic chemistry and biological testing was initiated in an attempt to find avermectin derivatives with improved insecticidal activity. The southem armyworm was selected as the target species.
Early in the program it was discovered that a variety of monosaccharide and aglycone derivatives showed a sixteen-fold improvement in activity against the southern armyworm compared to avermectin B 1 (Table 10) . Interestingly the 22,23-dihydro analogs were more effective than their unsaturated counterparts. However, although a wide variety of monosaccharides and aglycones were synthesized and tested the ECgO could not be improved over 0.5 ppm.
An important breakthrough came with the discovery of 4"-aminoavermectins, It was reasoned that since many macrolides contain amino sugars it could be interesting to devise a synthesis of avermectins also containing amino sugars. The synthetic scheme is shown in Fig. 11 (ref. 7) . Avermectin B1 was protected at the 5-position as a TBDMS derivative and then oxidized under Swern oxidation conditions to provide the 4"-keto derivative.
Reductive amination with ammonium acetate and sodium borohydride, followed by deprotection, gave the axial epiamino derivative as the major product, a smaller amount of the equatorial amino analog and smaller amount of 4"-epiavermectin B 1. N-alkylated derivatives were synthesized either by reductive amination using alkylamines or by alkylation of 4"-amino-4"-deoxyavermectins.
1) 1-BUTYLDIMETHYLSILYL CHLORIDE
2) OXALYL CHLORIDE -DMSO 
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The two epimeric 4"-amino-4"-deoxyavemectin B 1 derivatives had similar biological properties with the 4"-epiamino isomer being a somewhat more potent insecticide. Since the 4-epiamino derivatives were also the major products of reductive amination, they were selected for further study.
The most active member of the series was 4"-deoxy-4"-epimethylamino avemectin B 1 which has been selected for development as an agricultural insecticide and assigned the code name MK-243 Fig. 12 .
Fig. 12. MK-243
A summary of the foliar ingestion activity of MK-243 against a variety of insect larvae and adult spider mites and aphids is shown in TABLE 11. 
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